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Abstract

This study aims to present a performance based design for apartments through evacuation safety

assessment and damage impact assessment due to acrylonitrile leakage.

In the evacuation safety

evaluation, ASET was analyzed as 25 min or more and 60 min or less when the ventilation rate was once

per hour, and RSET was 22.6 min. Evacuation safety is satisfied when the number of ventilation per hour

1s less than 1, so it is necessary to design the number of ventilation to be 1 or less. In the damage impact

assessment, the 0% structural collapse rate due to overpressure was measured to be between 71m and
90m, and the 0% fatality rate due to radiant heat was measured to be between 136m and 353m. Therefore,

maintain a safe distance of 353m or more.
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[Figure 1] Experimental Model
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<Table 1> Conditions for scenario

71l wet 29/ 758 A85kal Table 2 A

End point Temperature Humidity Atmospheric stability Leak temperature
AEGL-2(1.7ppm) 25C 50% A D, F 25C

Leak duration Leak size Leak quantity Wind speed Surface curvature

10 ~ 60min 5cm 3on, 30ton, 60ton 1.5, 3, bm/s Urban or forest
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[Figure 2] Coverage according to scenario 10
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<Table 2> Size Korea, 2021[14]

7to9 10 to 19 20 to 29 30 to 39 40 to 49 50 to 59
Division years old years old years old years old years old years old Urier @
M F M F M F M F M F M F M F
Height (cm) |129.8|128.9|169.1|158.7|173.85]160.95|172.75|160.25| 170.2 | 156.65 | 168.35 | 154.35| 165.9 | 152.8
Shoulder (cm) | 32.0 | 31.8 | 41.0 | 36.4 | 40.15 | 35.7 | 39.95 | 35.65 | 39.65 | 35.95 | 38.55 | 35.75 | 37.65 | 35.45
Speed(m/s) | 1.08 | 1.08 | 1.14 | 1.1 | 1.21 1.1 1.21 1.1 1.21 1.1 1.21 1.1 0.7 0.7
<Table 3> Toxic output to Simulation
Scenario | Leakage (ton) Wln((rin/ssp)eed Stability AE(?{;;S AE(G};I;Z AE(IEI;H;I

1 3 1.5 F 1.20 7.30 7.30

2 3 D 0.44 2.00 2.00

3 3 A 0.18 0.67 0.67

4 3 D 0.37 1.70 1.70

5 30 1.5 F 1.50 8.10 8.10

6 30 D 0.54 2.50 2.50

7 30 A 0.22 0.82 0.82

8 30 D 0.44 2.10 2.10

9 60 1.5 F 1.50 8.10 8.10

10 60 D 0.54 2.50 2.50

11 60 A 0.22 0.82 0.82

12 60 D 0.44 2.10 2.10




J. Korea Saf. Manag. Sci. Vol. 26 No. 2 June 2024

ISSN 1229-6783(Print)

http://dx.doi.org/10.12812/ksms.2024.26.2.065 ISSN 2288—1484 (Online) 69
oA 1.5kme] A% eRdTh A ARl 588 57 ofohE el BAEE ERAE 249 2

Skm oJsle]] oFEGA7} S1XJshaL FEAI O R HE] 3
A 0.9 kmell 7V 717ks- ollERA|7} Qlo B ® 1km,
3km %! Skm A FelA olFHRUEZS] s EEA
be oBFES AR SISIFE 4, 1 9 053]% 2510
Slel U= S8l ol d2UEY LOC =2kt
B2 A 54 939lel 242 1km, 3kmell 9 5km
A3E ALOHA Zz 3] st d3s =Eshd
ZF ARelr] opES] uiret elte] AEGL-1,2,3 5
TYARRS TR BESH 9ok

Table 4= olaHZYEZS] 12714 AFA U] 2.9
tfgt oftE 94-0] 54 dlE L 9ol Table

1L 01~ A2

o -

Fjo|t}. Table 5= AIFd 3713177} 43121 79, Table
6= ARH 713815771 18] W Table 72 ARH 7131
71 0.543]%1 Z-golth. 2713157} 7hagte] wet ot
E Auje] st gAzto] SISt ol tE 2
oA B4 B AEGL—29] TEAIZES 1km A Aol
A} 1138 o)Ak 605 o]a}, 3km A Hex)= 435 o)Ak 60
B o3}, 5km Aol A= 0% o|ako 7 =4 5]o] 1km
oJake] A|ellAl= 113 ol &J5-oll AF=3HA w4 3%
E7Fsst 217738] ered o] HhAysitt.

ol RUEY S} 4l BARA oJ3i9] &2 ALOHA
r2 o] 3.2.29] 99 kS ¥ty A¥E =Eshd

<Table 4> Time output to Simulation at Out door

Wind Time (min)
Scenario Le(?kj)g € speed | Stability 1km 3km 5km
’ (m/s) AEGL~-1|AEGL—2 | AEGL—3 | AEGL—1 | AEGL—2| AEGL—3 | AEGL—1 | AEGL—2 | AEGL—3

1 3 1.5 F 15 15 38 43 43 60 60 60 60
2 3 D 11 11 60 60 60 60 60 60 60
3 3 A 60 60 60 60 60 60 60 60 60
4 3 D 17 17 60 60 60 60 60 60 60
5 30 1.5 F 14 14 38 43 43 60 60 60 60
6 30 D 11 11 60 60 60 60 60 60 60
7 30 A 60 60 60 60 60 60 60 60 60
8 30 D 16 16 60 60 60 60 60 60 60
9 60 1.5 F 13 13 37 43 43 60 60 60 60
10 60 D 11 11 60 60 60 60 60 60 60
11 60 A 16 16 60 60 60 60 60 60 60
12 60 D 16 16 60 60 60 60 60 60 60

<Table 5> Time output to Simulation at In door (Air Exchanges Per Hour : 4)

Wind Time (min)

Scenario Le(f;ell)g € speed | Stability 1km 3km Skm

(m/s) AEGL~1|ABGL-2| AEGL~3 | AEGL-1 | ABGL-2| AEGL~3 | ARGL~1| AEGL—2| ABGL-3
1 3 1.5 F 18 18 53 53 53 60 60 60 60
2 3 3 D 25 25 60 60 60 60 60 60 60
3 3 A 60 60 60 60 60 60 60 60 60
4 3 D 24 24 60 60 60 60 60 60 60
5 30 1.5 F 20 20 51 53 53 60 60 60 60
6 30 D 26 26 60 60 60 60 60 60 60
7 30 A 60 60 60 60 60 60 60 60 60
8 30 D 24 24 60 60 60 60 60 60 60
9 60 1.5 F 18 18 52 53 53 60 60 60 60
10 60 3 D 26 26 60 60 60 60 60 60 60
11 60 A 60 60 60 60 60 60 60 60 60
12 60 D 24 24 60 60 60 60 60 60 60
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<Table 6> Time output to Simulation at In door (Air Exchanges Per Hour : 1)
Wind Time (min)
Scenario Li?ks)ge speed | Stability 1km 3km 5km
] s ABGL-1|AEGL~2 | AEGL-3 | AEGL—1 | AEGL-2 | ABGL—3 | AEGL~1 | ABGL—2| AEGL—3
1 3 1.5 F 25 25 60 60 60 60 60 60 60
2 3 D 42 42 60 60 60 60 60 60 60
3 3 A 60 60 60 60 60 60 60 60 60
4 3 D 45 45 60 60 60 60 60 60 60
5 30 1.5 F 24 24 60 60 60 60 60 60 60
6 30 3 D 41 41 60 60 60 60 60 60 60
7 30 A 60 60 60 60 60 60 60 60 60
8 30 D 38 38 60 60 60 60 60 60 60
9 60 1.5 F 23 23 60 60 60 60 60 60 60
10 60 D 40 40 60 60 60 60 60 60 60
11 60 A 60 60 60 60 60 60 60 60 60
12 60 D 43 43 60 60 60 60 60 60 60
<Table 7> Time output to Simulation at In door (Air Exchanges Per Hour : 0.5)
Wind Time (min)
Scenario Li?ks)ge speed | Stability 1km 3km Skm
] s ABGL-1|AEGL~2 | AEGL-3 | AEGL—1 | AEGL-2 | ABGL—3 | AEGL~1 | ABGL—2| AEGL—3
1 3 1.5 F 28 28 60 60 60 60 60 60 60
2 3 D 60 60 60 60 60 60 60 60 60
3 3 A 60 60 60 60 60 60 60 60 60
4 3 D 60 60 60 60 60 60 60 60 60
5 30 1.5 F 30 30 60 60 60 60 60 60 60
6 30 3 D 55 55 60 60 60 60 60 60 60
7 30 3 A 60 60 60 60 60 60 60 60 60
8 30 5 D 60 60 60 60 60 60 60 60 60
9 60 1.5 F 32 32 60 60 60 60 60 60 60
10 60 3 D 56 56 60 60 60 60 60 60 60
11 60 A 60 60 60 60 60 60 60 60 60
12 60 D 60 60 60 60 60 60 60 60 60
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<Table 8> Over—pressure output to Simulation
Seenario Leakage Wind speed Stability 8psi(55.2kPa) 3.5psi(24.2kPa) 1psi(6.9kPa)
(ton) (m/s) (m) (m) (m)
1 3 1.5 F 22 33 71
2 3 D - - -
3 3 A - - -
4 3 D - - -
5 30 1.5 F 31 41 90
6 30 D - - -
7 30 A - - -
8 30 D - - -
9 60 1.5 F 31 41 90
10 60 D - - -
11 60 A - - -
12 60 D - - -
<Table 9> Radiation(Pool fire) output to Simulation
Scemario | -cakage | Windspeed | g | 10cwif(n) | Skwim | ZkwimlGm | 0.3kwimo
(ton) (m/s)
1 3 1.5 F 10 14 23 55
2 3 3 D 10 15 23 55
3 3 3 A 11 16 24 56
4 3 5 D 13 18 25 57
5 30 1.5 F 10 14 23 55
6 30 3 D 10 15 23 55
7 30 3 A 11 16 24 56
8 30 5 D 13 18 25 57
9 60 1.5 F 10 14 23 55
10 60 3 D 10 15 23 55
11 60 3 A 11 16 24 56
12 60 5 D 13 18 25 57
<Table 10> Radiation(BLEVE) output to Simulation
Scenario Leakage | Wind speed Stability 13kw/m? | 10kw/m? | 5kw/m’? | 2kw/m’ | Diameter Time
(ton) (m/s) (m) (m) (m) (m) (m) (sec)
1 3 1.5 F 136 157 223 349 81 7
2 3 3 D 136 157 223 349 81 7
3 3 3 A 136 157 223 349 81 7
4 3 5 D 136 157 223 349 81 7
5 30 1.5 F 283 326 463 752 174 12
6 30 3 D 283 326 463 752 174 12
7 30 3 A 283 326 463 752 174 12
8 30 5 D 283 326 463 752 174 12
9 60 1.5 F 353 406 577 903 220 14
10 60 3 D 353 406 577 903 220 14
11 60 3 A 353 406 577 903 220 14
12 60 D 353 406 577 903 220 14
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(c) Use the evacuation stairs and elevator

(a) Use the evacuation stairs only

Number of Occupants in Selected Rooms
1000.0
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[Figure 3] Travel Time
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<Table 11> Travel Time

(b) Use the evacuation stairs only

Case Travel Time

. 573 sec

1. Use stairs only (9.6 min)
. 1054.5 sec

2. Use stairs and elevator (17.6 min)
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[Figure 5] Time at 1km according to scenario 1

Figure 5 @+ 3713 43] 4 v =% 3ton, 55
L5m/s, t7IRHYE F, dI7]15% 50% 9 7|5 25C
ol AbuAuE] @ 1o T3k AEGL—1,2,39] F&xof o]2
= ARF FA0 2 EAE Aolt) Figure 5 (b) 2 ()=
k7131571 242 18] 0.5%] 4w AEGL—1,2,39] -s%9]
125 A7t FAMojt). Table 4 oA Table 79
AEGL—2¢] =2&h= AIRHS: sl Table 129} 2tk

o



74 oIFURUYEH FEo WE =4, BAKE 2 RG] JF oMEY HeNFEA LY e F - TXEF-FEAA

<Table 12> ASET of Acrylonitrile leak

Out door In door (min)

Scenario| ~ (min) | No. Air Ex 4 |No. Air Ex 1 |No. Air Ex 05
1k 3kar} k| 1km| 3km | 5km| 1km| 3km | 5km | 1km| 3km)| 5km
15| 43| 60| 18 | 53 | 60 | 25 | 60 | 60 | 28 | 60 | 60
11| 60| 60| 25 | 60 | 60 | 42 | 60 | 60 | 60 | 60 | 60
60| 60| 60| 60 | 60 | 60 | 60 | 60 | 60 | 60 | 60 | 60
17| 60| 60| 24 | 60 | 60 | 45 | 60 | 60 | 60 | 60 | 60
14| 43| 60| 20 | 53 | 60 | 24 | 60 | 60 | 30| 60 | 60
11| 60| 60| 26 | 60 | 60 | 41 | 60 | 60 | 55 | 60 | 60
60| 60| 60| 60 | 60 | 60 | 60 | 60 | 60 | 60 | 60 | 60
16| 60| 60| 24 | 60 | 60 | 38 | 60 | 60 | 60 | 60 | 60
13| 43| 60| 18 | 53| 60| 23|60 | 60 | 32| 60 | 60
11| 60| 60| 26 | 60 | 60 | 40 | 60 | 60 | 56 | 60 | 60
16| 60| 60| 60 | 60 | 60 | 60 | 60 | 60 | 60 | 60 | 60
16| 60| 60| 24 | 60 | 60 | 43 | 60 | 60 | 60 | 60 | 60
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<Table 14> RSET of Apartment

Case RSET
1. Use stairs only 14..6min
2. Use stairs and elevator 22.6min
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<Table 13> Pre—Movement Time[16]

Occupancy type W3 (min)
Dormitories, residential mid—rise and high—rise (Occupants may be asleep but are predominantly familiar with S5
the building, alarm system, and evacuation procedure.)

W3: warning system using fire alarm signal and staff with no training
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<Table 15> Assessment of evacuation safety
ASET (min) .
. Evacuation safety
S | No. Air Ex4 | No. Air Ex 1 | No. Air Ex 0.5 | RSET (min)
nari
cenatio 1km | 3km | 5km | 1km | 3km | 5km | 1km | 3km | Dkm Scenario 1km 3km Skm
1 18 | 53 | 60 | 25| 60| 60 | 28 | 60 | 60 22.6 1 Unsafety | Safety | Safety
2 25 1 60| 60 | 42| 60 | 60 | 60 | 60 | 60 22.6 2 Safety | Safety | Safety
3 60 | 60 | 60 | 60 | 60 | 60 | 60 | 60 | 60 22.6 3 Safety | Safety | Safety
4 24 | 60 | 60 | 45 | 60 | 60 | 60 | 60 | 60 22.6 4 Safety Safety Safety
5 20 | 53 | 60 | 24 | 60 | 60 | 30 | 60 | 60 22.6 5 Unsafety | Safety Safety
6 26 | 60 | 60 | 41 | 60 | 60 | 55 | 60 | 60 22.6 6 Safety | Safety | Safety
7 60 | 60 | 60 | 60 | 60 | 60 | 60 | 60 | 60 22.6 7 Safety | Safety | Safety
8 24 | 60 | 60 | 38 | 60 | 60 | 60 | 60 | 60 22.6 8 Safety | Safety | Safety
9 18 | 53 | 60 | 23 | 60 | 60 | 32 | 60 | 60 22.6 9 Unsafety | Safety | Safety
10 26 | 60 | 60 | 40 | 60 | 60 | 56 | 60 | 60 22.6 10 Safety | Safety | Safety
11 60 | 60 | 60 | 60 | 60 | 60 | 60 | 60 | 60 22.6 11 Safety | Safety | Safety
12 24 | 60 | 60 | 43 | 60 | 60 | 60 | 60 | 60 22.6 12 Safety | Safety | Safety
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